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Recent reports have described cases in which peptic ulcer bleeding (PUB) has been associated with virus
infection, but the exact relation between the two remains unclear. We experienced six cases of life-
threatening PUB associated with virus infection from December 2007 to December 2013. Life-threatening
PUB should be considered a possibility in children suffering from virus infection, and prompt and proper
management is required.
 2014 The Authors. Published by Elsevier Inc. All rights reserved.Recently, peptic ulcer bleeding (PUB) associated with virus
infection such as rotavirus has been reported, but the relation be-
tween them remains unclear [1]. We experienced six cases of life-
threatening PUB associated with virus infection from December
2007 to December 2013 (Table 1). Herein we report these cases.1. Case report
1.1. Patient 1
A 19-month-old girl suffered fromwatery diarrhea and vomiting
four days before admission. Three days later, her temperature rose
to 38 C, and she was taken to her doctor. Later that same day under
home observation, the development of tarry diarrhea and dark red
hematemesis prompted her transportation to an emergency
department, where her systolic blood pressure (SBP) and hemo-
globin (Hb) were measured at 80 mm Hg and 6.0 g/dl respectively.
She was referred to our hospital with the suspicion of upper
gastrointestinal bleeding. In our department, her SBP and Hb were
88 mm Hg and 5.8 g/dl, respectively. Dynamic computed tomog-
raphy (CT) did not reveal bleeding sites, but under general anes-
thesia, gastrointestinal ﬁberscopy (GF) showed slight bleeding fromBY-NC-SA license (http://
þ81 42 778 9556.
nabe).
Published by Elsevier Inc. All righan exposed vessel on the posterior wall of the stomach. The
bleeding was stopped by clipping (Fig. 1). Both norovirus stool an-
tigen test (NA) and rapid urease test were positive. The patient was
discharged on the 19th postoperative day with an uneventful
postoperative course.1.2. Patient 2
A 32-month-old boy was admitted to our hospital with
diagnosis of inﬂuenza and bronchial asthma, and was treated
with methylprednisolone. On the fourth admission day, tarry
stool and severe anemia (Hb: 4.4 g/dl) developed, but no spe-
ciﬁc bleeding site was discovered with CT. On the seventh
admission day, life-threatening hypovolemic shock occurred
with a large amount of tarry stool. The bleeding site was not
detected on dynamic CT. The patient was transferred to the
operating room while receiving rapid blood transfusion to
maintain blood pressure. Under general anesthesia, GF revealed
pulsating bleeding from the duodenum, but the bleeding site
was unclear (Fig. 2). Sudden and distinct abdominal distension
caused by bleeding into the duodenal lumen, reﬂux of blood
into the stomach, and vomiting of a large amount of fresh
blood occurred. The SBP fell to 40 mm Hg and Hb decreased to
3.0 g/dl. We stopped GF immediately and transferred the pa-
tient to the angiography room. Angiography revealed a rupture
of a pseudoaneurysm of the gastroduodenal artery and
extravasation of blood into the duodenal lumen. Transcatheterts reserved.
Table 1
Patient demographics.
Case Sex Age (month) Virus H. pylori Hb (g/dl) Transfusion EC Treatment
1 F 19 Norovirus þ 5.8 þ e Clipping
2 M 32 Inﬂuenza virus e 3.0 þ e GF/TAE
3 M 18 Rotavirus e 6.8 þ e Conservation
4 M 11 Rotavirus þ 3.9 þ þ TAE
5 M 15 Norovirus e 6.6 þ e Conservation
6 M 16 RSV e 4.9 þ e Clipping
EC: extravasation on computed tomography; GF: gastrointestinal ﬁberscopy; Hb: hemoglobin; RSV: respiratory syncytial virus; TAE: transcatheter arterial embolization.
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rest the life-threatening bleeding (Fig. 3). Helicobacter pylori
stool antigen test (HA) was negative. The postoperative course
was good, and the patient was discharged on the 51st post-
operative day (We reported this case in the Journal of the
Japanese Society of Pediatric Surgeons [2]).
1.3. Patient 3
An 18-month-old boy suffered from vomiting and diarrhea four
days before admission. Two days later, he was admitted to the
hospital near his home due to a large amount of tarry stool (Hb:
8.9 g/dl). Although conservative therapy was started, Hb decreased
to 6.3 g/dl, and he was referred to our hospital for further evalua-
tion. In our hospital, his SBP and Hb were 80 mm Hg and 6.8 g/dl
respectively, but his condition was improved by blood transfusion.
Two days later, GF revealed multiple ulcers from the bulbus to the
duodenal second portion, which were cured by conservative ther-
apy (Fig. 4). Rotavirus stool antigen test (RA) was positive, whereas
HA was negative. He was discharged on the 17th hospital day.
1.4. Patient 4
Two days before admission, an 11-month-old boy suffering from
vomiting was diagnosed with acute gastroenteritis. The next day,
watery diarrhea developed, and in the early morning of the
admission day, tarry stool occurred, changing to a very bloody stool.
He was taken to an emergency department (Hb: 8.6 g/dl), where
doctors found his level of consciousness was decreased, and pre-
pared him for transfer to our hospital. On arrival his SBP and Hb
were 66 mm Hg and 3.9 g/dl respectively. After his blood pressure
was stabilized with catecholamine and ﬂuid resuscitation, dynamicFig. 1. Patient 1: (A) Gastrointestinal ﬁberscopy showed slight bleeding from an exposed vCT was performed, which revealed extravasation at the duodenal
second portion. The patient was transferred to the angiography
room directly and the bleeding was arrested by TAE (Fig. 5). Both RA
and HA were positive. The patient was discharged on the 10th
postoperative day with an uneventful postoperative course.
1.5. Patient 5
A 15-month-old boy suffered from vomiting and high fever two
days before admission. Next day, watery diarrhea developed, and
on the admission day, he was taken to a doctor due to tarry diar-
rhea, where his SBP and Hb were measured at 82 mm Hg and 7.6 g/
dl respectively, which prompted his transportation to our hospital
with the suspicion of upper gastrointestinal bleeding. In our
department, his SBP and Hb were 80 mm Hg and 6.6 g/dl, respec-
tively. Dynamic CT did not reveal bleeding sites, but under general
anesthesia, GF showed duodenal ulcer formation on the bulbus,
which were cured by conservative therapy (Fig. 6). NAwas positive,
whereas HA was negative. In addition, gastric biopsy of the antrum
revealed gastritis without any causative ﬁndings. He was dis-
charged on the 8th hospital day.
1.6. Patient 6
A 16-month-old boy with bronchitis was taken to his doctor due
to high fever and cough, and diagnosed as respiratory syncytial
virus (RSV) infection three days before admission. Next day, tarry
stool appeared. On admission day, fresh hematemesis and bloody
stool developed, and he was transferred to our hospital for further
evaluation. In our department, his SBP and Hb were 60 mm Hg and
4.9 g/dl, respectively. Dynamic CT did not reveal bleeding sites, but
under general anesthesia, GF showed slight bleeding from anessel on the posterior wall of the stomach. (B) The bleeding was stopped by clipping.
Fig. 2. Patient 2: Gastrointestinal ﬁberscopy revealed pulsating bleeding from the
duodenum, but the bleeding site could not be detected. Fig. 4. Patient 3: Gastrointestinal ﬁberscopy revealed multiple ulcers from the bulbus
to the duodenal second portion, which were cured by conservative therapy.
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(Fig. 7). RA, NA, and HA were all negative. The patient was dis-
charged on the 10th postoperative day with an uneventful post-
operative course.
2. Discussion
There are some reports regarding the relation between peptic
ulcer formation and infections by viruses such as cytomegalovirus,
herpes simplex virus and EpsteineBarr virus in the pediatric pop-
ulation [3e6]. But there is only one report regarding PUB associated
with rotavirus infection (in a 9-month-old infant; she was treated
with conservative therapy [1]). In addition, there are only two cases
in which duodenal ulcer perforation has been associated with
rotavirus infection, both of which were treated with surgical pro-
cedures [7].
Rotavirus is double-stranded RNA virus and its infections are
among the most frequent causes of gastroenteritis in children
worldwide [8]. Although rotavirus-induced diarrhea is not aFig. 3. Patient 2: (A) Angiography revealed rupture of a pseudoaneurysm (<) of the gastrodu
arterial embolization was performed to arrest the life-threatening bleeding. After anterior
artery ()) were coiled, GDA was obstructed with Histoacryl and Lipiodol. CHA: commoprominent cause of mortality in infants and young children in
developed countries, it has a major impact on mortality in chil-
dren under 2 years of age in developing countries [8,9]. Severe
diarrhea and dehydration following rotavirus infection correlates
to villus atrophy, and they are brought about by the non-repli-
cating rotavirus particle and the toxin-like effects of the rotavirus
non-structural protein 4 [10]. There are some reports of rota-
virus-mediated gut injury such as necrotizing enterocolitis and
fatal disseminated rotavirus infection based on diffuse endothe-
lialitis and concomitant tissue damage [11e13]. Recently, it has
been posited that rotavirus infection is not conﬁned to the in-
testinal tract, but disseminates beyond the intestine to cause
systemic diseases such as seizure, encephalopathy, and acute
pancreatitis [14e17]. In fact, rotavirus antigens and RNA have
been detected in the serum and cerebrospinal ﬂuid of infected
children [13,16,18]. Moreover, a neonatal rat model of the rota-
virus infection demonstrated that rotavirus was able to dissem-
inate and replicate in a variety of organs, including the liver,odenal artery (GDA) and extravasation into the duodenal lumen (/). (B) Transcatheter
superior pancreaticoduodenal artery (=) and posterior superior pancreaticoduodenal
n hepatic artery; PHA: proper hepatic artery.
Fig. 5. Patient 4: (A) Angiography revealed extravasation (/) from anterior superior pancreaticoduodenal artery (ASPDA). (B) The bleeding was arrested by transcatheter arterial
embolization using Histoacryl and Lipiodol. PSPDA: posterior superior pancreaticoduodenal artery; GDA: gastroduodenal artery; CHA: common hepatic artery; PHA: proper
hepatic artery.
Fig. 7. Patient 6: (A) Gastrointestinal ﬁberscopy revealed slight bleeding from a
Fig. 6. Patient 5: Gastrointestinal ﬁberscopy revealed bleeding ulcer at the bulbus.
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the affected organs showed inﬂammatory reactions histologically
[19]. These ﬁndings support the speculation that direct or indi-
rect damages to the stomach and duodenum mediated by rota-
virus may cause peptic ulcer formation and bleeding.
On the other hand, regarding norovirus, inﬂuenza virus, and RSV
infections, there are no reports of their association with peptic ul-
cers. We speculate that decrease of the vascular ﬂow due to severe
dehydration involved with diarrhea and vomiting can cause dam-
ages to epithelial tissues including those of the stomach and duo-
denum in norovirus and inﬂuenza virus infections as well as
rotavirus infection [1]. In addition, medication such as steroids and
the psychological stress involved with intensive care, seen in our
case 2, or some stresses involved with virus infection such as RSV
can also cause and exacerbate peptic ulcer formation.
Peptic ulcer may be generated by the imbalance between the
gastroduodenal mucosal defense and increased acid secretion fol-
lowed by stress, ulcerogenic medications, and H. pylori infection
[20]. H. pylori infection plays a major role in peptic ulcer formation
in the pediatric population, as in adults, but it is important to know
that there are some PUB cases associated with virus infection
without H. pylori infection (case 2, case 3 and case 5) [1,21,22].n exposed vessel on the bulbus. (B) The bleeding was stopped by clipping.
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standard therapy, but further treatment is required when
bleeding is uncontrollable. Clipping and coagulation therapy us-
ing GF may be the ﬁrst choice when PUB happens, but hemostasis
by GF is sometimes difﬁcult. For this reason, TAE may be indi-
cated if available, especially when bleeding is severe and the
bleeding site is identiﬁable. Of course, surgical treatment may be
selected, but in case of life-threatening bleeding, some doubts
remain as to whether young patients can tolerate this invasive
procedure. Moreover, there are some risks of not only injuring
some important structures such as the bile duct and pancreatic
duct, but also impeding the blood supply to organs [23].
3. Conclusion
Life-threatening PUB should be considered a possibility in chil-
dren suffering from virus infection, and prompt and proper man-
agement is required when it occurs. More detailed studies are
needed to elucidate the mechanisms by which peptic ulcers
develop from virus infections.
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